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© Alkaline storage battery and method of producing negative electrode thereof. 

_© Alkaline storage battery, in which~tfie-negative electrode is constituted by a hydrogen absorbing alloy 
< capable of absorbing/desorbing hydrogen electrochemically. and a hydrophobic material and a hyq*rophilic 
^material are provided in a portion of the surface layer of the negative electrode and in the side of the negative 
S electrode respectively so as to properly secure both the wetting property and hydrophobic property of the 
<v> negative Electrode against the alkaline electrolytic solution. Accordingly, a hydrogen can be absorbed elec- 
--trochemically in the portion of the negative electrode which Is wetted by the electrolytic solution and a hydrogen 
Sgas generated in charging the battery can be absorbed by a vapor phase reaction in the hydrophobic portion of 
Mthe negative electrode which is exposed to the vapor phase so that the internal gas pressure can be reduced to 
0 thereby make ft possible to perform rapid charging. 
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ALKALINE STORAGE BATTERY AND METHOD OF PRODUCING NEGATIVE ELECTRODE THEREOF 



BACKGROUND OF THE INVENTION 

The present invention relates to an alkaline storage battery using a negative electrode of a hydrogen 
absorbing alloy, and an improvement in a method of producing the negative electrode, 
s Recently, hydrogen absorbing alloys capable of electro-chemically absorbing/desorbing a great deal of 
hydrogen serving as an active material have attracted attention as an of high energy density electrode 
material of high energy density and have been intended to be applied to a sealed alkaline storage battery to 
be developed into a high capacity storage battery, in particular, to be applied to a sealed nickel-hydrogen 
storage battery. 

w The electrode reaction in such a sealed nickel-hydrogen storage battery is as follows, 
p discharge 

electrode: NiOOH + H 2 0 + e~ < — Ni ( OH )2 + OH~ 

1S charge 

(1) 



Negative 
electrode: 



Mr-H + QH" 



M + H 2 0 + e- 



charge 



(2) 



In the reaction equation (2), MTreptesOTts^ a hydrogen absorbing alloy. 

A hydrogen absorbing alloy negative electrode for use In this type storage battery is prepared through a 
process in which an alkali-resisting organic high molecule, such as polyethylene, fluorine resin, or the like, 
is added as a binding agent to a pulverized hydrogen absorbing alloy, and the resulting mixture is pressed 
onto or filled into an electrically conductive collector such as a perforated metal or a foamed metal. 

When the battery is overcharged., gas generation reactions represented by the following equations (3) 
and <4) occur on the positive electrode and the negative electrode of the battery, respectively. 



Positve electrode: 


20H- 


-r H 2 0 + 1/2 Oz + 2e- 


(3) 


Negative electrode: 


2H 2 0 


+ 2e-— 20H* + H 2 


W 



50 



To-suppress^the~increase^tf-the : internal gas pressure of the battery, a method in which an oxygen gas 
generated^frorrr-the positive electrode according to the equation (3) is made to react with hydrogen 
absorbed In the negative electrode to thereby generate water has been employed. To suppress the 
generation of a hydrogen gas according to the equation (4), a method in which the capacity of the negative 
electrode is established to be larger than the capacity, of the positive electrode has been employed. 

When the battery is charged rapidly, however, the rate of generation of an oxygen gas Is often larger 
than the rate of absorption of the sarrie gas so that the oxygen gas is accumulated in the battery to thereby 
increase the internal gas pressure of the battery. To eliminate the aforementioned disadvantage, a method 
of accelerating reduction of an oxygen gas by adding a noble metal catalyst such, as platinum to the 
negative electrode (as disclosed In Japanese Patent Unexamined Publication No;*60 100382). a method of 
accelerating absorption of an oxygen gas onto the negative electrode by providing a hydrophobic layer in 
the hydrogen absorbing alloy negative electrode (as disclosed in Japanese Patent Unexamined Publication 
No. 61-1 18963). and the like, are known. 

However, various problems arise in the aforementioned, conventional construction of the battery as 
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follows The method of adding a noble metal to the negative electrode has a problem in that the material 
c ^in^reaTed On^e other hand, the method of providing a hydrophobic iayer in the ^veelec^de 
has a problem in that the discharging voltage is dropped because of the uneven B f*°^J'^ b ^° f 
the negative electrode and the decrease of the effective surface area for the electrochem.cal reachpn^ 
Furthe? the aforementioned method is effective for improvement in the oxygen absorption capac.ty of the 
negative etectrode but has another problem in that the inner pressure of the battery is increased because 
hydrogen is apt to be generated from the negative electrode in charging the battery w.th lowenng of the 
wettng property for the electrolytic solution, of the inside of the hydrogen absorb.ng alloy negative 
electrode. In particular, this fact is remarkable when the battery Is charged rapidly. 

OBJECTS AND SUMMARY OF THE INVENTION 

An object of the present invention is therefore to solve the aforementioned problems. 
That is to say the object of the invention is to provide a hydrogen absorbing alloy negauve electrode of 
a battery in which wetting property of the inside of the negative electrode against an electrolytic solution 
can SeTmproved while hydrophobic property of the surface of the negative electrode can ite ^kept suitably, 
^which nTonly the internal gas pressure of the battery can be reduced In charging the battery rap.d.y 
but also voltage drop can be prevented in discharging the battery of alkaIine 

To solve the aforementioned problems, the present invention provtdes a construction of an alkaline 
storage battery in which a hydrophilic resin Is provided to the inside of a negative electrode formed o a 
nydrogen absorbing alloy, and a hydrophobic resin Is provided to the surface portion of the negative 
electrode, and also a method of producing the negative electrode of ^^W*^-,,^. oas is 
In the construction, and the producing method, according to the preset ime^.^^^-Q^ 
absoroed into the hydrogen absorbing alloy by providing the "y d ^ bi ^^ n ^^S^ 
hydrogen absorbing: alloy negatfye electrode. Further, the wetting: property :^ J ^^SrSc 
absorbing alloy native electrode against an electrolytic solution- is improved j*:^^'***™? 
n^n to make it easily to absorbe hydrogen electrically, so that generation of a hydrogen gas can be 
^vente Tto hereby reduce the internal gas pressure of the battery in charging the battery ^rapidly. Further. 
30 £e votage drop In discharging the battery can be prevented by addition of the hydroph.l.c res.n. 

DESCRIPTION OF THE DRAWINGS 
w Fig. 1 is a sectional view of a nickel-hydrogen storage battery produced according to the present 

inVenB Rg. 2 is a graph view showing the relation between charge electric capacity andjmemal gas 
pressum in the cafe where a charging current of 1 CmA at 20'C is respectively suppl.ed to various 
hydrogen absorbing alloy negative electrodes different in construction; • • 

hyorog n showing ,he relation between the discharge electric capacrty and the battery 

voltage in the case where a discharging curront of 3 CmA at 20 C Is respectively supphed to various 
hydrogen absorbing alloy negative electrodes different in construction; a 

Rg. 4 is a graph view showing the relations among the quantity of FEP to be added the «*mrig« 
pressure 'n tne cohere the battery is charged by 200% with respect to ^-f^jS^SS^ 
45 STa charging current of 1 CmA at 20* C. and the intermediate voltage in the case where the battery is 
discharoed to 0.18 V with a discharging current of 3 CmA at 20 C; and 

Rg. 5 is a graph view snowing the relations among the quantity of PVA to be added, 
pressure in the case where the battery is charged by 200% with respect to the positive electtode edacity 
w^TTharging current of 1 CmA at 20* C. and the Intermediate voltage in the case where the battery is 
so discharged to 0.8 V with a discharging current of 3 CmA at 20 C. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention will be described hereunder with respect to f ^TSm 
ss the hydrogen absorbing alloy used for the negative electrode was MmN^COaTsMiWdo*. Mls °\™ 
lul. 25 wt% 9 Ce:about 52 wt%. Nd: about 18 wt%. Pr: about 5 wt%)j wMdh was a mhrture of 
rare-earth elements was put into an arc furnace together with other meter * 
The furnace was evacuated to obtain a vacuum state of from 10- to 1(T* Torr. Then the metal samples 
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were heated and melted by arc discharging under reduced pressure in an atmosphere of argon gas. Heat 
treatment was carried out at 1050* C for 6 hours in a vacuum to homogenize the metal samples. The thus 
obtained alloy was ground roughly and then pulverized by a bail mill to prepare fine powder having a 
particle size of not larger than 38 urn. 
s By use of the thus prepared hydrogen absorbing alloy powder, the following, 20 kinds of hydrogen 

absorbing alloy negative electrodes were prepared. 

(Example 1) 

to 

An aqueous solution of polyvinyl alcohol (hereinafter referred to as "PVA*) which was a hydrophilic 
resin was mixed, by an amount of PVA of 0.15 wt%. into the hydrogen absorbing alloy powder to form 
paste. A foamed nickel matrix having a porosity of 95% was filled with the paste and pressed. Then resin 
powder of a copolymer of ethylene tetrafluoride and propylene hexafluoride (hereinafter referred to as 
is "FEP") was applied, by an amount of 0.8 mg/cm 2 , onto the both surfaces of the negative electrode. 



(Example 2) 

20 Water was added to the aforementioned hydrogen absorbing alloy powder to form paste. A foamed 
nickel matrix having a porosity of 95% was filled with the paste and pressed. Then "PEP" was applied, by 
an amount of 0.8 mg/cm 2 , onto the surfaces of the negative electrode. Thus, a hydrogen absorbing alloy 
negative electrode in which such a hydrophobic resin was disposed on the surfaces of the negative 
electrode with no hydrophilic resin disposed in the inside thereof was* obtained. 

25 *' 

(Example 3) 

Ethyl alcohol was added to a mixture of 97 wt% hydrogen absorbing alloy powder and 3 wt% FEP to 
30 form paste. A teamed nickel matrix having a porosity of 95% was filled with the paste and pressed- Thus, a 
hydrogen absorbing alloy electrode having the hydrophobic resin in the inside was prepared, they were 
respectively cut put into AA battery size (39 mm x 80 mm x 0,5 mm) to prepare negative electrode plates 
having a charge/discharge capacity of 1 600 mAh and a porosity of 30 vol%. 

Examples 4. to 20 show the cases where negative electrodes are prepared in the same manner as the 
3S Example 1 , unie^ otherwise specified^ 



(Example 4) 

40 A hydrogen absorbing alloy negative electrode constituted by the aforementioned hydrogen absorbing 
alloy having a mean particle diameter of 0.1 urn was prepared. 



(Example 5) 

45 

A hydrogen absorbing aJloy negative electrode constituted by the aforementioneoHnydrogen absorbing 
alloy having a mean particle diameter of 75 urn was prepared. 



so (Example 6) 

A hydrogen absorbing alloy negative electrode formed by dipping the hydrogen absorbing alloy powder 
into an alkaline solution to thereby roughen the surfaces of the hydrogen absorbing alloy particles was 
prepared. 

55 

(Example 7) 
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A hydrogen absorbing alloy negative electrode coated with polyethylene as a hydrophobic 
prepared. 



5 (Example 8) 

A hydrogen absorbing alloy negative electrode coated with ethylene tetrafluoride (hereinafter referred to 
as -NM2") having a permeability coefficient of 1 x KT 9 cm/sec 'atm for an oxygen/hydrogen gas was 
prepared. 

10 

(Example 9) 

A hvdroqen absorbing alloy negative electrode coated with a hydrophobic resin by dipping the alloy 
,s powder into a solution of an FEP dispersion (hereinafter referred to as "ND-r) containing a surface active 
agent was prepared. 

(Example 10) 

W A hydrogen absorbing alloy negative electrode coated with polyvinylidene fluoride (hereinafter referred 
to as ,r VDF w ) powder as a hydrophobic resin was prepared. 

25 (Example 11) 

A hydrogen absorbing alloy negative electrode coated with FEP by an amount of 0.1 mg/cm* was 
prepared. 

30 

(Example 12) 

A hydrogen absorbing alloy negative electrode coated with FEP by an amount of 2 mg/cm* was 
prepared. 

35 

(Example 13) 

A hydrogen absorbing alloy negative electrode coated with a 2 : 1 (weight proportion) mixture of 
40 platinum black capable of catalyzing the decomposition of hydrogen and FEP. by an amount of 2.4 mg/cm . 
was prepared. 

(Example 14) 

A hydrogen absorbing alloy negative electrode coated with platinum black by an amount of 1.6 mg/cm* 
and then coated with FEP by an amount of 0.8 mg/cm 2 . was prepared. 



so (Example 15) 

A hydrogen absorbing alloy negative electrode coated with a 4 : 1 (weight proportion) mixture of 
LaNUAl and FEP by an amount of 4.0 mg/cm 2 . was prepared. 

55 

(Example 16) 

A hydrogen absorbing alloy negative electrode coated with a 1 : 1 (weight proportion) mjxture of 
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acetylene black as an electric conductive material and FEP, by an amount of 1.6 mg/cm 2 . was prepared. 



(Example 17) 

5 

A hydrogen absorbing alloy negative electrode containing a hydrophillc resin by an amount of 1 .5 wt% 
in the inside of the electrode, was prepared. 



io (Example 18) 

A hydrogen absorbing alloy negative electrode formed of an electrode plate having a porosity, of 15 
vol% was prepared. 

75 

(Example 19) 

A hydrogen absorbing alloy negative electrode prepared by the steps of: filling a* foamed nickel matrix 
with paste constituting of mixture of the hydrogen absorbing alloy powder and PVA by an amount of 0.15% 
20 by weight of the alloy powder applying FEP on the surface of the foamed nickel matrix; and pressing the 
formed nickel matrix to obtafn_a predetermined thickness, was prepared. 



(Example 20) 

2S ...... 

A hydrogen absorbing alloy negative relectrbde coated with FEP by an amount of .0.8 mg/cm 2 by 
dipping a negative electrode plate into a dispersion solution prepared: by dispersing FEP powder into an 
aqueous solution of 1 .5 wt% PVA, was prepared. 

A negative electrode 1 selected from those twenty kinds of negative electrodes and a nickel positive 

so electrode 2 prepared by filling a known foamed nickel matrix with nickel hydroxide were inserted into a q>ase 
4 acting as a negative electrode terminal while the negative eiecVdde 1 and *e positive electrode 2 were 
wound spirally through a separator 3 formed of polyamide hbn-woverv fabric, Then an alkaline electrolytic 
solution in a predetermined amount was injected into the case 4 and sealed to prepare a sealed nickel- 
hydrogen storage battery of 1000 mAh in AA size. The structure of the thus prepared battery is shown in 

35 Rg. 1. in which a safety vent 6 provided in the inner side of a positive i electrode cap 5 is set so as to be 
actuated by pressure of not lower than 30; kg/cm 2 for the purpose of measuring the internal gas pressure of 
the battery, though, in general, such a , safety vent 6 is often set so as to be actuated by pressure of 11 to 
12 kgtem 2 . In the drawing, the reference numeral 7 designates a sealing plate, 8 designates an insulating 
gasket and 9 designates a positive electrode collector for electrically connecting the positive electrode 2 to 

40 the sealing plate 7 The battery having a 1 mm* through hole formed in the bottom portion of the battery 
case was fixed on a fixing apparatus and the internal gas pressure of the battery was measured with a 
pressure sensor attached to the fixing apparatus. In the measurement of the internal gas pressure of the 
* -battery ,m charging was carried out at each of various charging rates in a range of not larger tan 2 CmA tilt a 
time when the battery had 'been charged to 200% of the positive electrode capacity, and the internal gas 

45 pressure of : the battery measured at that time was defined as the battery internal gas pressure at that 
charging rate. On the other hand, a gas generated in the battery were collected by an aquatic substitution 
method and the gas composition was analyzed by means of gas chromatography. 

In test of discharging characteristic, the battery was charged to 1 50% of the positive electrode capacity 
with a charging current of 1 CmA in a circumstance of 20* C. and then continuously discharged to 0.8 V 

€0 with a discharging current of 3 CmA. 

Fig. 2 shows the change of the Internal gas pressure of the battery relative to the charged capacity in 
the case where each of the batteries respectively Including the hydrogen absorbing alloy negative 
electrodes of the Examples 1, 2 and 3 was charged to 200% of the positive electrode capacity with a 
charging current of 1 CmA. As shown In Rg. 2, the internal gas pressure of the battery upon completion of 

55 charging to 2000 mAh was 3.3 kg/cm 2 in the case of the Example 1 . 4.8 kg/cm 2 in the case of the Example 
2. and 7.0 kg/cm 2 in the case of the Example 3. In the case of the Example 1. the increase of the internal - 
gas pressure of the battery was started from the time when the battery had been charged to about 1000 
mAh. In the cases of the Examples 2 and 3. the increase of the internal gas pressure of the battery was 
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started when the battery had been charged to about 800 mAh. Through analyzing the gas composition 
generated in the battery upon completion of charging to 2000 mAh. the oxygen partial pressure was 
measured to be about 1 kg/cm* substantially equally in the all cases of the Examples 1 to 3. Accordingly, it 
was understood that the differences in the internal gas pressure of the battery among the three k.nds of 
batteries were caused by differences in hydrogen partial pressure. 
The reason is as follows. 

In the nickel-hydrogen storage battery designed to have a high-capacity, for example, of 100 mAh in AA 
size as shown in the present experiment, the balance of the negative electrode capacity (1600 mAh) 
against the positive electrode capacity (100 mAh) is not so sufficient that a reaction represented by die 
following equations (5) to (8) progresses on the hydrogen absorbing alloy negative electrode in charging the 
battery. 





M + H 2 0 + e~ 


— MH + OH- 


(5) 


15 


H z O + e" 


— 1/2 H 2 + OH" 


(6) 


M + 1/2 H 2 


— MH 


(7) 




MH + 1/4 0 2 


— M + 1/2 H 2 0 


(8) 



25 



30 



35 



4S 



60 



55 



In the equations. M represents a hydrogen absorbing alloy. In short, the hydrogen absorbing reaction 
represented by the equation (5) and the hydrogen generation reaction represented by the equation (6) 
occur competitively in a portion of the negative electrode wetted by the electrolytic solution.- Further, the 
reaction of consumption of an oxygen gas generated from the positive: electrode, represented I by . the 
equation (8). occurs in' the wetted portion at the same lime. On the-cxmbatyrttiF hydtDgBtpgas-absorbing 
reaction (7). which hydrogen gas was generated according to the equation (6). prpgresses-in^other portion 
of the negative electrode which is not wetted by me electrolytiG selution. .The. hydrophoblc-resm FEP acts to 
control the area of the hydrophobic portion on the hydrogen absoroing: aJlby negatiye'el^ctrodei It is 
apparent from the results of the Examples 2 and 3 that addition of the hydrophobic resin to the surface of 
the negative electrode is more effective than addition thereof to the inside of the negative electrode, and 
that the erection of the equation (7) occurs mainly on the! surface of the ^ heg^ve:electr^:t^m^anng ; 
those examples, the Examples 2 and 3 are Inferior In wetting property, of tiie : hydrogen absorbing alloy 
negative electrode for the electrolytic solution because of the addition of the hydrophobic resin. Accord- 
inolv in the Examples 2 and 3. the effective surface area in the electrochemical reaction decreases, so that 
the charging current density increases to accelerate the hydrogen gas generation reaction of the equation 
(6) to make the rising of the internal gas pressure of the battery early and to increase the ^ntemal^ gas 
pressure rapidly. To solve this problem. PVA. which is a hydrophilic resin, was added to the Inside of the 
electrode in the Example 1. As the result, the wetting property of the inside of the hydrogen absorbing alloy 
neqative electrode particularly for the electrolytic solution was improved; As compared -with the Examples Z 
and 3. the Example 1 had an advantage in the point as follows. The charging current densrty. was reduced, 
bv the increase of the effective surface area In the electrochemical reaction, so that the hydrogen gas 
generation reaction of the equation (6) was suppressed to delay the rising of the internal gas pressure of ttie 
battery to thereby reduce the internal gas pressure of the battery. For the aforementioned reason, in the 
Example 1 the increase of the internal gas pressure of the battery can be suppressed even in the case 
were the battery is charged rapidly with a charging current of 1 CmA. . - 

Fig. 3 shows disc h arging cur ve * l n .4tm^^^^1t»e^bree^«..or batteries 
Examples 1 to 3 were discharged with a discharging-current of 3 CmA under the condition of 20 C. InRg. 
3 the battery voltage at an intermediate point of the discharge capacity when the battery , has been 
discharged to 0.8 V is defined as an Intermediate voltage for indicating the difference among the 
discharging voltages of the batteries. 

Comparing the examples, the respective discharge capacities of the batteries are not different but the 
intermediate voltages are different remarkably. In the Example 1. the intermediate voltage was. 1^ 150 V. .to 
each of the Examples 2 and 3. the intermediate voltage was. 1.100 V. In short, the difference between the 
intermediate voltages of the Example 1 and each of the Examples 2 and 3 was SO mV. 

The reason Is as follows. In the Example 1. the wetting property of the Inside of the negative electrode 
for the electrolytic solution was improved because hydrophilic resin PVA was added to the ms.de of the 
hydrogen absorbing alloy negative el ctrode. Accordingly, in the Example 1, the effectiv surface area In 
the electrochemical reaction increased to reduce the discharging current density as compared with tne 
Examples 2 and 3. so that the discharge intermediate voltage increased. 
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For the aforementioned reason, in the Example 1 the voltage drop in high-rate discharging could be 
prevented. 

Table 1 shows the internal gas pressure of the battery in the cases where the batteries respectively 
having the twenty kinds of hydrogen absorbing alloy negative electrodes of the Examples 1 to 20 were 
s charged with a charging current of 1 Cm A to 200% of the positive electrode capacity, and *he intermediate 
voltages in the case where the batteries were continuously discharged to 0.8 V with a discharging current of 
3CmAat20*C. 

TABLE 1 



TS 



20 



30 



35 





Internal gas 
pressure (kg/cm 2 ) 


Intermediate 
Voltage (V) 


Example 1 


3.3 


1.150 


° 2 


4.8 


1.100 


"3 


7.0 


1.100 


- 4 


26.4 


1.126 


"5 


3.3 


1.080 


"6 


3.3 


1.180 


"7 


15.4 


1.148 


- a 


5;6 


1.140 


•■■9 ' 


20:4 


17150 


"10 


7.0 


1.153 


• 11 


8.3 


1.162 


"14 


1.8 


1.170 




■ : 2.4 


1.162 


"16 




1>200 


"17 


8.4 


1.155 


"18 


14.3 


1.125 


" 19 


11.2 


1.151 


"20 


3.5 


1.175 



The particle diameter of the hydrogen absorbing alloy powder in the Examples 4 and 5 was examined 
as follows. Referring to Table 1, the internal gas pressure of the battery was increased to 25.4 kg/cm 2 when 

45 the- meani#aiiic)e^iamete^^ was 0.1 u*m. The reason is that the 

surface of the alloy is oxidized more easily as the mean particle diameter of the hydrogen absorbing alloy is 
reduced, so that the polarization ^ electrode increases to accelerate 

generation of a hydrogen gas in charging the battery. On the contrary, when the mean particle diameter of 
the .hydrogen /'absorbing.. alloy ;increases.*tq/75 unv as shown in the Example 5, the area of the electrode 

so surface decreases compared with the Example 1 Accordingly, the intermediate voltage In the Example 5 is 
reduced by H mV cbmjsafed wi^ Example 1. It is apparent from the above description that the 
preferred range of the mean particle diameter of the hydrogen absorbing alloy is from 1 to 50 urn. 

In the Exarnple 6. that is to say. In Ae case where a negative electrode formed by dipping hydrogen 
absorbing alloy particles into an alkapne solution to roughen the surfaces of the particles was used, the 

55 internal gas pressure of the battery In charging the battery was not different from that In the Example 1 but 
the intermediate voltage in discharging the battery was increased by 30 mV. As the result It is preferable 
that the particles of the hydrogen absorbing alloy powder have uneven layers in the surfaces thereof. 

In the Examples 7 to 10. the hydrophobic resin added to the surface of the hydrogen absorbing alloy 
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neaative electrode was examined as follows. In each of the Example 7 in which polyethylene was disposed 
on the surface of the negative electrode, the Example 8 in which M-12 having a permeabHity coefficient of 1 
x 10-' cm/sec atm for a hydrogen gas was disposed, the Example 9 in which ND-1 as a FEP dispersion 
containing a surface active agent in a solution was disposed, and the Example 10 in wh.ch VDF was 
disposed, the internal gas pressure of the battery in charging the battery was increased compared with the 

This is because the hydrophobic degree of the resin in each of the Examples 7 and 10 was smaller 
than that of FEP. so that a solid-gas interface for absorption of a hydrogen gas could not be formed 
sufficiently on the hydrogen absorbing alloy negative electrode. 

In the Example 8 the solid-gas interface could be formed sufficiently on the hydrogen absorbing alloy 
neaative electrode. However, the Example 8 was inferior in permeability of the negative electrode for a 
hydrogen gas generated by the electrochemical erection, so that in the Example 8 the internal gas pressure 
of the battery was increased. In the case where the hydrogen absorbing alloy negative electrode was 
coated with a hydrophobic resin having a small permeability coefficient for oxygen gas. the pressure of the 
battery in charging the battery was increased due to a inferiority of permeability of the negative electrode 
for an oxygen gas. In this case, from analyzing the gas composition, it was found that the proportion of 
oxygen increased compared with the Example 1. This is because the capacity of reducing an oxygen gas 
was reduced since the negative electrode was inferior in premeability for an oxygen gas. 

In the Example 9 the solid-gas interface could not be formed sufficiently on the hydrogen absorbing 
alloy negative electrode in the same manner as in the Examples 7 and 10. because theaurface active agent 
existing!" the solvent of ND-1 was absorbed on FEP so that the negative electrode had a insufficient 
capacity of absorbing a hydrogen gas. - . v i i 

From the point of view of the structure of the battery safety vent or from the po.nt of view of the 
strength of the battery case, it is preferable that the internal gas pressure of the battery in charging the 
battery is not higher than5 kg/cm*. Accordingly, the conditions of preferred hydrophobic matenal to be 
disposed on the surface layer of the hydrogen absorbing alloy negative electrode is as follows. 
(1) The material is selected from fluorine resins: 

*2) The permeability coefficient for an oxygen gas or an hydrogen gas is not smaller than 1 x 10 

cm/sec 'atm at 25* C: . 

(3) When dispersion is used, no surface active agent Is contained in the solvent and 

(4) The material is selected from the group consisting of polyethylene tetrafluoride) resin and 

\etiiwlenetefr^^^^ ' ^ ^ , . , 

in the Examples 1 1 and 12.. the quantity of the hydrophobic resin to be added to the surface layer of 
the 'hydrogen absorbing alloy "negative electrode was examined as follows. In the Example 11, when the 

as quantity df FEP to be added was 0.1 mg/cm*. the internal gas pressure of the battery in charging the 
battery^wl increased to 8.3 kg/cm». in the Example 12. when the quantity of FEPjo be added wasj 
mg/cm*. the intermediate voltage in discharging the battery was reduced to 1.105 V because FEP acts as 
an insulating materia, to thereby increase the polarization of the hydrogen absorbing ^ 
electrode in discharging the battery. Fig. 4 shows the relations among the quantity of FEP tc .be ^ded ttie 

<o internal gasp pressure of the battery in charging the battery and the intermediate voltage m disc h^g the 
battery. VU apparent from Fig. 4 that an optimum va.ue exists in the quantity of FEP to be adde* 
Accordingly, from the double viewpoint of the .internal gas pressure of the battery in ch^gtng the battery 
and theTermediate voltage in discharging the battery, tt is preferable that the hydrophobic resin is added 
to the surface layer of the hydrogen absorbing alloy negative electrode by an amount In the range of from 

45 ™ 5 ta^tempteS7ri 14. the effect by addition of a material capable of catalyzing me decom^on 
of a hydrogen gas. to the surface of the hydrogen absorbing alloy negative electrode and the method of 
addition thereof were examined. In the Example 13. the battery used a hydrogen absorbing afloy negative 
electrode coated with a mixture of platinum black capable of catalyzing the decomposition of a hydrogen 
gas and FEP acting as a hydrophobic material: In the Example U. the battery used a hydrogen absorbing 
Illoy negative electrode coated with platinum black and then coated with FEP. Referring toTabte 1. .n any 
case..the internal gas pressure of the battery in charging the battery was decreased and the '^mediate 
voltage in discharging the battery was increased, compared with the battery of the Example 1 using J»e 
hydrogen alloy negative electrode coated wtth FEP. This is because, by the addition of platinum black, the 
hydrogen gas absorbing reaction on the hydrogen absorbing alloy electrode as represented by the ed"*™ 
m was accelerated in charging the battery and the hydrogen desorbing reaction on the hydrogen absorbing 
alloy was accelerated in discharging the battery. Although the examples have shown the cas where 
platinum black was used as a material capable of catalyzing the decomposition of a hydrogen gas. it Is a 
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matter of course that the invention is not limited to the specific examples and. that the material may be 
selected from the group of platinum, palladium and palladium black. In fact, the same excellent result could 
be obtained by using the aforementioned materials. 

The effect by arranging the hydrogen absorbing alloy powder having a hydrogen equilibrium pressure 
lower than that of MmNi3.55Mno.4AI0.3Co0.7s, in the surface of the hydrogen absorbing alloy negative 
electrode was examined with reference to the Example 15. The hydrogen equilibrium pressure of 
MmNi3.55Mno.4Alo.3Coo.75 is about 0.4 kg/cm 2 at 20 *C, whereas the hydrogen equilibrium pressure of 
LaNi«.AI, which was disposed in the surface of the negative electrode, is about 1.8 x 10~ 3 kg/cm 2 at 20* C. 
In this example, the internal gas pressure of the battery in charging the battery was 2.4 kg/cm 2 . The value 
of the internal gas pressure of the battery was excellent compared with the value of 3.3 kg/cm 2 obtained in 
the Example 1 . This is because the hydrogen gas absorbing reaction of the equation (7) is apt to progress 
since the hydrogen equilibrium pressure of LaNUAl is lower than that of MmNi3.55Mn0.4AI0.3Co0.75. The effect 
by LaNUAl was obtained both in the case where it was disposed in the surface of the hydrogen absorbing 
alloy and in the case where it was disposed in the hydrophobic layer of the negative electrode surface. 
Although this embodiment has shown the case where LaNiiAl was used as a hydrogen absorbing alloy to 
be added to the negative electrode surface, it is to be understood that any suitable hydrogen absorbing 
alloy may be used as long as the hydrogen equilibrium pressure of the alloy is lower tan that of 
MmNi 3 3 S Mn 0 .4 AI0.3C00.75- 

The effect by addition of the electric conductive material to the hydrophobic layer of the hydrogen 
absorbing alloy negative electrode was examined with reference to the Example 16. In the Example 16, the 
internal gas pressure of the battery in charging the battery was 2.3 kg/cm 2 and the intermediate voltage in 
discharging the battery was 1.200 V. The values thus obtained in the Example 16 were excellent compared 
with the Example 1. This is because the electrical conductivity of the hydrogen absorbing alloy riegative 
electrode was improved by addition of the electric conductive material to thereby reduce the polarization of 
the hydrogen absorbing alloy negative electrode both in charging the battery and in discharging the battery. 
Although- the Example 16 has shown the case where acetylene black was used as an electric conductive 
material, the same effect could be obtained in the case where the electric conductive material was selected 
from the group of amorphous-structure carbon such as carbon black, ketjen black and the like, or graphite 
having a graphite structure and the like. Further, when expandable graphite was used, adhesion of FEP to 
the negative electrode was improved, so that the charge/discharge cycle life performance was improved. 

The quantity of the hydrophilic resin to be contained in the hydrogen absorbing alloy negative electrode - 
was examined as follows. The Example 17 relates to a battery using "a hydrogen absorbing alloy negative 
electrode containing PVA, which is a hydrophilic resin, by an amount ten times the amount in the Example 
1. Reif erring to Table 1. the discharging characteristic was not improved though a large amount of the 
hydrophilic resin was added, and the Internal gas pressure of the battery in charging the battery was 
increased to. 8.4 kg/cm 2 . In general/ the relative -quantity of the hydrogen absorbing alloy power is 
decreased as the quantity of PVA is increased. Accordingly, addition of a large quantity of PVA is not 
preferable from the point of view of high energy density of the hydrogen absorbing alloy negative electrode. 
On Ihe contrary, the Example 2. in which no PVA is added, is not preferable from the point of view of 
charging/discharging characteristics. Fig. 5 shows the relations among the quantity of PVA to be added, the 
Internal gas pressure of the battery in charging the battery and the intermediate voltage in discharging the 
battery. From the results of Fig. 5 and from the point of view of high energy density of the hydrogen 
absorbing alloy negative electrode, the optimum quantity of PVA to be added is In the range of from 0.05 to 
1.0% by the weight of the hydrogen absorbing alloy. Although the example has shown the case were PVA 
was used as a hydrophilic material, it is a matter of course-that:*B^averjrttor^ 

example. The same effect could be obtained in the case where the hydrophilic material was selected from 
other alkali-resisting resins such as carboxymethyl cellulose. • 

The porosity of the hydrogen absorbing alloy negative electrode was examined as follows. In the 
Example 18 in which the porosfty of the hydrogen absorbing alloy negative electrode was established to be 
i5 vol%. the internal gas pressure of the battery In charging the battery was 14.3 kg/cm 2 . The hydrogen 
gas absorption capacity of the battery of the Example 18 was reduced compared with that of the battery of 
the Example 1 in which the porosity of the hydrogen absorbing alloy nejgative electrode was established to 
be 30 vol%. The reason is as follows. The Example 18 was inferior in the wetting property of the Inside of 
the electrode for the electrolytic solution because the porosity of the hydrogen absorbing alloy negative 
electrode was ho more than 15 vol%. As the result the electrochemical hydrogen absorbing reaction of the 
equation (5) was suppressed and the hydrogen gas generation of the equation (7) was accelerated. Further, 
the Intermediate voltage In discharging th battery was reduced compared with the Example. 1 because the 
wetting property of the electrode was deteriorated. On the contrary, when the porosity of the hydrogen 
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absorbing alloy is increased, the charging/discharging characteristics are improved. However, the increase 
of the porosity is not preferable from the point of view of high energy density of the hydrogen absorbmg 
alloy negative electrode and battery. Accordingly, the preferred porosity of the hydrogen absorbing alloy 
negative electrode is in the range of from 20 to 40 vol%. 

The method of addition of the hydrophobic material to the surface of the hydrogen absorbing alloy 
negative electrode was examined as follows. The Example 1 relates to a battery using a negative electrode 
formed by the steps of: mixing hydrogen absorbing alloy powder and an aqueous solution of PVA to 
prepare paste; filling a foamed nickel matrix as a three-dimensional supporting matrix with the paste: 
pressing the supporting matrix containing the paste; and applying FEP to the surface of the negative 
electrode The Example 19 relates to a battery using a negative electrode formed by press.ng the 
supporting matrix after applying FEP to the surface of the supporting matrix containing the paste. It was 
apparent from Table 1 that the internal gas pressure of the battery in charging the battery in the Example 
19 was increased to 11.2 kg/cm 2 compared with the Example 1. This is because FEP in the Example 19 
was distributed into the inside of the hydrogen absorbing alloy negative electrode by pressing the 
supporting matrix, so that the hydrophilic property of the inside of the hydrogen absorbing alloy negative 
electrode was deteriorated and the electrochemical hydrogen absorbing re action of the equation (5) was 
suppressed to thereby accelerate generation of a hydrogen gas in charging the battery. For the reason, the 
preferred method of producing a hydrogen absorbing alloy negative electrode is the-method of the Example 
1 comprising the steps of: mixing hydrogen absorbing alloy powder and an aqueous solution of PVA to 
prepare paste: applying the paste to a supporting matrix through selected one of filling, injecting and 
smearing; pressing the supporting matrix and applying FEP to the surface thereof by selected one of 
smearing dipping and injecting. This hydrogen absorbing alloy negative electrode production method can 
be applied to the case where the surface of the hydrogen absorbing alloy negative electrode contains a 
material-capable^catalyzing=the decomposition of a hydrogen gas, an electric conductive material and 
as hydrogen absorbing alloy powder having a hydrogen equilibrium pressure lower than that of 
JmNi^sMno^jGo^^ In this case, it is preferable that the aforementioned materials and mixtures of the 
materials and FEP are applied to the surface of me hydrogen absorbing alloy negative electro through 
selected one of smearing, dipping and injecting after pressing the supporting matrix containing the paste 
consisting of -hydrogen absorbing alloy powder and an aqueous solution of PVA 

The Example 20 relates to a battery using a negative electrode prepared by the steps of: filling a 
supporting matrix with paste consisting of hydrogen absorbing alloy powder and an aqueous solution of 
PVA pressing the supporting matrix to prepare a hydrogen absorbing alloy negative electrode, and adding 
FEp'to the surface of the negative electrode through dipping the negative electrode into a PVA aqueous 
solution containing FEP. The charging/discharging character istics of the battery of the Example 20 were as 
follows. The internal gas pressure of the battery in charging the battery was 3.5 kg7cm* and the 'nte^d.ate 
voltage In discharging the battery was 1.175 V. It is apparent from comparison with the Example 1 that the 
discharging characteristic of the battery of the Example 20 has been improved. Further, the internal gas 
pressure of the battery using the negative electrode of the Example 20 was not dete norated even in £e 
case where charge/discharge was repeated over 500 cycles. This Is because FEP is fixed firmly to the 
surface of the negative electrode by polyvinyl alcohol. As described above, another preferred method of 
producing a hydrogen absorbing alloy negative electrode according to the Invention may comprises the 
steps of. mixing hydrogen absorbing alloy powder and an aqueous solution of PVA to prepare paste; 
aoolvlno the paste to a supporting matrix through selected one of filling, dipping and injecting: pressing the 
supping matrix: and applying a mixture of a hydrophilic material and a hydrophobic matenal to the 
surface of the negative electrode through selected one of smearing, dipping and injecting. 

It Is to be understood that polyvinyl alcohol may be replaced by one of other alkali-resisting resins such 
as carbp^meth and methylcellulose and the same effect can be obtained by the other alkali- 

^A^rm^battery was prepared as follows. A mixture of FEP and polyethylene at a weight ratio of 2 : 1 
was applied to the surface of the hydrogen absorbing alloy negative electrode by an amount of FEP of 0.8 
mgycrrr* then the negative electrode was heated at 120 V C for 30 minutes. The battery was prepared by 
using the thus prepared negative electrode. The internal gas pressure of the battery in charging the tottery 
was 3.5 kg/cm 2 and the intermediate voltage thereof in discharging the battery was 1.150 V. Those obtained 
values were substantially the same as those in the Example 1. However, the internal gas pressure of the 
55 battery was not deteriorated in the same manner as in the Example 20 even in the case where 
charge/discharge was repeated over 500 cycles. This is because FEP was fixed firmly to the surface of the 
neoative electrode by polyethyl ne. Polyethylene used herein may be replaced by one of thermoplastic 
resins such as polypropylene, polyvinyl chloride. ABS resin and polystyrene, having a melting point lower 
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than that of FEP. In the case where polyethylene was replaced by one of the aforementioned thermoplastic 
resins, the same effect as described above was obtained. As described above, a further preferred method 
of producing a hydrogen absorbing alloy negative electrode according to the invention may comprises the 
steps of: mixing hydrogen absorbing alloy powder and an aqueous solution of PVA to prepare paste: 

s applying the paste to a supporting matrix through selected one of filling, dipping and injecting: pressing the 
supporting matrix; applying a mixture of a hydrophobic material and a thermoplastic resin having a melting 
point lower tan that of the hydrophobic material to the surface of the negative electrode through selected 
one of smearing, dipping and injecting; and heating the negative electrode at a temperature at which the 
thermoplastic resin is melted but the hydrophobic material is not melted. 

to The effect by adding a material capable of catalyzing the decomposition of oxygen gas and hydrogen 
gas. to the battery was examined with reference to the Examples 21 and 22. 



(Example 21) 

is 

A pellet prepared by pressing the sintered porous aluminum powder, which diameter and length were 
about 1 mm and 2.5 mm respectively, was dipped into a palladium chloride aqueous solution to deposit a 
palladium, by an amount of 25 mg. on the pellet. After that, said pellet was dried and dipped into a 
dispersion solution of a fluorine resin, by an amount of 1.5 wt%, to have a hydrophobic nature. Said pellet 
20 was wrapped by the polypropylene nonwoven fabric and inserted Into a battery case, which was insulated 
to the positive electrode and negative electrode, to constitute a sealed nickel hydrogen storage battery. 

In the case of the Example 21. the internal gas pressure of the battery in charging to 200% of the 
positive electrode capacity with a charging current of 1 CmA was 2.8 kg/cm 2 and the intermediate voltage 
was 1 .1 50 V whjch is the same as that of Example 1 . 

25 

(Example 22) 

An aluminum pellet was dipped into a chloroplatinic acid solution to deposit a platinum, by an amount 
30 of 25mg, on the pellet After that, said pellet was dried and treated by a hydrophobic treatment which was 
the same as Example 21. Said pellet was wrapped by the polypropylene nonwoven fabric and inserted into 
' a battery case, . which •was''1'r^lal^ , '"tb" i -the- positive and negative electrodes, to constitute a sealed nickel 
hydrogen storage battery. - ; ; ; • . 

In : tne : case of the Example 22, the characteristics of the battery was the same as Example 21. 
as Although this embodiment has shown the case where the aluminum pellet was used as a catalysis 
support material, it is to be understood that carbon pellet may be used. Further it is to be understood that 
palladium or platinum capable of catalyzing the decomposition of oxygen gas and hydrogen gas may be 
replaced by gold or silver. 

With respect to the Examples 1 to 22. substantially the same results were obtained even in the case 

40 where the composition of the hydrogen absorbing alloy was changed within the range represented by the 
general formula A 1 . lc B x C y . However, when MmNis was used as a hydrogen absorbing alloy having a CaCus- 
type crystal structure, pulverization of hydrogen absorbing alloy particles progressed by repeating the 
charge/discharge cycles, so that the particles were sheded out of the electrode supporting matrix and the 
discharge capacity was reduced to deteriorate the cycle life performance of the battery. To solve the 

45 problem, at least one metal selected from the group consisting of Ti, Zr. Ca. Y, Hf, Co, Mn, Al, Fe, Cu and 
Cr was added to MmNis to prepare a multicomponent alloy. The progress of pulverization of hydrogen 
absorbing alloy particles by repeating the charge/discharge cycles was suppressed by the multicomponent 
alloy, so that the cycle life performance characteristic of the battery was improved. However, when Ti, Zr, 
Ca, Y or Hf was added by an amount of not smaller than 0.2 atomic ratio, when Co or Cu was added by an 

so amount of not smaller than 1.0 atomic ratio, when Fe or Cr was added by an amount of not smaller than 0.3 
atomic ratio, when Mn was added by an amount of not smaller than 0.6 atomic ratio or when Al was added 
by an amount of not smaller than 0.5 atomic ratio, the alloy phase effective for absorbing hydrogen was 
reduced so that the discharge capacity was undesirably reduced. On the contrary, when Ni was added by 
an amount of not larger than 3.5 atomic ratio, the discharge capacity of the hydrogen absorbing alloy 

55 negative electrode was deteriorated in the same manner as described above. On the other hand, when the 
weight ratio of the hydrogen absorbing alloy was widely changed from CaCus to CaCui 7 or CaCu 53( the 
discharge capacity of the hydrogen absorbing alloy negative lectrode was undesirably deteriorated in the 
same manner as described above. As described above, the preferred hydrogen absorbing alloy used in the 
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hydrogen absorbing alloy negative electrode is represented by the general composition formula A.ACy, in 
which A is selected from the group consisting of La. mixtures of La and rare-earth elements, and misch 
metal- B is selected from the group consisting of Ti. Zr. Ca. Y. Hf and mixtures thereof; x has a value within 
the range 0 < x S 0 2 C is selected from the group consisting of Ni. Co. Mn. Al. Fe, Cu. Cr and mixtures 
thereof; and y has a value within the range 4.7 S y S 5.3. made up as follows, y > 3.5 for NI. y S 1.0 for Co. 
„ S 0 6 for Mn. y i 0.5 for Al. y S 0.3 for Fe. y S 1 .0 for Cu. and y S 0.3 for Cr. 

Further V was added to the aforementioned hydrogen absorbing alloy to prepare a hydrogen absorbing 
alloy represented by the formula MmNi 3 . 5S Co 0 .7 5 Mno.4Alo. 3 Yoj*. When the negative electrode of the battery 
was formed of the alloy, the internal gas pressure of the battery in charging the battery was 2.8 kg/cm- and 
the intermediate voltage in discharging the battery was 1.158 V. Thus, the battery was improved compared 
with the Example 1. This is because the lattice constant of the hydrogen absorbing alloy was increased by 
addition of V thereby hydrogen can diffuse rapidly in the hydrogen absorbing alloy phase. The effect by 
addition of V was found when V was added by an amount of larger than 0.02 atomic ratio. However, when V 
was added by an amount of not smaller than 0.3. the alloy phase effective for absorbing hydrogen was 
reduced so that the discharge capacity was undesirably reduced. Accordingly, it is preferable to add V by 
an amount in the range of from 0.02 to 0.3 atomic ratio. - 

Further In was added to the aforementioned hydrogen absorbing alloy to prepare a hydrogen absorbing 
alloy represented by the formula MmNi3. S sCo 0 .7 S Mnc.«AI <1 ; 3 ln 0J)2 . When a battery was prepared by using the 
alloy in the negative electrode thereof, the internal gas pressure of the battery in charging the battery was 
2 5 kg/cm*. In short the charging characteristic of the battery was Improved compared with the Example 1 . 
This is because the hydrogen over voltage of the hydrogen absorbing alloy negative electrode in charging 
the battery was Increased to suppress generation of hydrogen. The effect by addition .of In was found when 
In was added by an amount of larger than 0.02 atomic ratio. However, when In was added by an amount of 
not smaller tan 0.1 . the discharge capacity was undesirably redocedr,Ao(^^ 

by an amount in the range of from 0.02 to 0.1 atomic ratio. The same effect was obtained in the case where 

In was replaced by TI or Ga, 

Having described the case where the invention is applied to a nickel-hydrogen storage battery, it is a 
matter^f course fhat me invention is applicable to other alkaline storage batteries, such as a manganese 
dloxid^hydrogen storage battery, using a hydrogen absorbing alloy negative electrode. 

As described above, according to the present invention, a hydrogen absorbing alloy negative electrode 
containing a hydrophilic resin in the inside thereof arid a hydrophobic resin, or hydrophobic matenal I in the 
surface thereof; which hydrophobic material has powder of a hydrogen absorbing alloy having^a hydrogen 
equilibrium pressure lower than that of the main hydrogen occlusion alloy, an electric conductive material 
and a matenal capable of catalyzing the decomposition of hydrogen gas. is provided by me steps oftmoang 
hydrogen absorbing alloy powder and a hydrophilic material to prepare paste: applying thejsaste to a 
supporong,matrix through selected one of filling, injecting and smearing; pressing the supporting matnx. 
and applying a material containing a hydrophobic resin to the surface of the negative electrode by sheeted 
one of smearing, dipping and injecting. Accordingly, an effect arises in that a sealed alkaline storage battery 
free from the increase of the internal gas pressure in overcharging of the battery and free from the 
40 decreased the battery voltage in discharging the battery can be provided. 

Claims 

45 1 An alkaline storage_batte^..comprisingua-posfflye electrode .containing a metal oxide as a main 
constituent material thereof; a negatSve^leotrede^containing. as-a -main constituent matenal thereof, a 
hydrogen absorbing alloy capable of electrochemlcally absprbing/desorbing hydrogen acbng as j« active 
mafenai: an alkaline electrolytic solution; a separator; and said negative electrode including a hydrophobic 
material disposed in at least a part of an electrode surface layer thereof and Including a hydrophilic matenal 

so disposed in the Inside thereof. • ■.•■•» • 

Tao alkaline storage battery according to Claim 1, in which said hydrogen absorbing aloy of said 
negative electrode is represented by the general composition formula A,*B,C,. in which A is selected from 
the group consisting of La. mixtures of La and rare-earth elements, and misch metal; B Is selected from the 
group consisting of ti, Zr. Ca. Y. Hf and mixtures thereof; x Has a value Within the range 0 S * S 0.2: C Is 

55 Elected from the group consisting of Ni. Co. Mn. Al. Fe Cu Cr and matures thereoft and^ has a value 
wtttin the range 4.7 S y & 5 J. made up as follows, y > 3.5* for Ni. y £ 1 .0 for Co. y S 0.8 for Mn. Y S 0..S for 
Al v S 0 3 for Fe, y £ 1 .0 for Cu; and y S 0.3 for Cr. 
' 3. An alkaline storage battery according to Claim 1. in which said hydrogen absorbing alloy of said 
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negative electrode is represented by the general compositional formula Ai. x B x CyD z , in which A is selected 
from the group consisting of La, mixtures of La and rare-earth elements, and misch metal; B is selected 
from the group consisting of Ti, Zr. Ca, Y, Hf and mixtures thereof; x has a value within the range 0 £ x £ 
0.2; C is selected from the group consisting of Ni. Co, Mn, Al, Fe ~Cu, Cr and mixtures thereof; y has a 
5 value within a range made up as follows, Y £ 3.5 for Ni, y £ 1 .0 for Co. y £ 0.6 for Mn, y- S 0.5 for Al, y < 
0.3 for Fe. y £ 1.0 for Cu, and y £ 0.3 for Cr; D is selected from the group consisting of V, In, Tl, Ga and 
mixtures thereof; z has a value within a range made up as follows, 0.02 S z S 0.3 for V, 0.02 S z S 0.1 for In. 
0.02 £ 2 £ 0.1 forTl, and 0.02 £ z £ 0.1 for Ga; and y + z has a value within the range 4.7 £ y + z S 5.3. 

4. An alkaline storage battery according to anyone of Claims 1 to 3, in which said hydrogen absorbing 
io alloy is provided in the form of particles having innumerable rough layers at the respective particle surfaces 

thereof. 

5. An alkaline storage battery according to anyone of Claims 1 to 4, in which said hydrogen absorbing 
alloy is provided in the form of particles having a mean particle diameter of 1 to 50 urn. 

6. An alkaline storage battery according to anyone of Claims 1 to 5, in which said hydrophobic material 
is in the surface layer of the hydrogen absorbing alloy negative electrode is a fluorine resin, 

7. An alkaline storage battery according to anyone of Claims 1 to 5. in which said hydrophobic material 
in the surface layer of the hydrogen absorbing alloy negative electrode has a permeability coefficient for 
oxygen/hydrogen gas, of not smaller than 1 x 10~ 8 cm 2 /sec'atm at 25* C. 

8. An alkaline storage battery according to anyone of Claims 1 to 7, in which said hydrophobic material 
20 in the surface layer of the hydrogen absorbing alloy negative electrode is provided in a state in which said 

hydrophobic material has no surface active agent absorbed thereto. 

9. An alkaline storage battery according to anyone of Claims 1 to 8. in which said hydrophobic material 
in the surface layer of the hydrogen: absorbing, aJJoy negative electrode is selected from the group 
consisting of polyethylene tetrafluoride Tesm7~andncopolymer resin of ethylene tetrafluoride and propylene 

25 hexafluoride. 

10. Ah alkaline storage battery according to anyone of Claims 1 to 9, in which said hydrophobic 
material in the surface layer of the hydrogen absorbing alloy negative electrode has a mean resin amount of 
from 0.15 mg/cm 2 to -1.5 mg/cm 2 per unit negative electrode surface area. 

11. An alkaline storage battery according, to anyone of Claims 1 to 10, in which one of the surface of the 
so hydrogen absorbing alloy negative electrode and the hydrophobic layer in the surface thereof contains a 

material capable of catalyzing the decomposition of hydrogen gas. 

ii^lfiM ail^ine;-stora^baitery according to anyone of Claims T to 10 in which one of the surface of the 
hydrogen absorbing alloy negate elecfrode and the hydrophobic layer in the surface thereof contains 
particles of another hydrogen absorbing alloy particles having a hydrogen equilibrium pressure lower than 
35 that of said hydrogen absorbing alloy. 

13. An alkaline storalge^^ateryJ-accofdihg to anyone of Claims 1 to 10. in which one of the surface of the 
hydrogen absorbing alloy negative electrode and the hydrophobic layer in the surface thereof contains an 
electric conductive material. 

14. An alkaline storage battery according to anyone of Claims 1 to It), In which one of the surface of the 
40 hydrogen absorbing alloy negative electrode arid the hydrophobic layer in the surface thereof contains a 

binding agent 

15. An alkaline storage battery according to Claim 14, in which said binding agent is selected from the 
group consisting of polyvinyl alcohol, carboxymethylcellulose and methylcellulose. 

16. An alkaline storage battery according to Claim 14, in which said binding agent Is formed of a 
45 thermoplastic^esin^a\nngia-melting-pointik)wer-than that of said hydrophobic material, said thermoplastic 

resin being selected from the group consisting of polyethylene, polypropylene, polyvinyl chloride, ac- 
rylonrtrile butadiene styrene (ABS) and polystyrene. 

17- An alkaline forage ■■B^^a^ojnding : .to anyone of Claims 1 to 16. in which the hydrogen absorbing 
alloy negative electrode contains hydrophllic resin by an amount In a range of from 0.05 to 1.0 percent by 
so weight based oa 

18. An alkaline storage battery; according to anyone of Claims 1 to 17, in Which the hydrogen absorbing 
ailoy negative electrode has a porosity in a range of from 20 to 40 vol% when said battery Is assembled. 

la. An alkaline storage battery comprising: a positive electrode containing a metal oxide as a main 
constituent material thereof; a negative electrode containing; as a main constituent material thereof, a 
55 hydrogen absorbing alloy capable of electrochemically absorbing/desorbing hydrogen acting as an active 
material: an alkaline electrolytic solution; a separator; and a material capable of catalyzing the decomposi- 
tion of oxygen gas and hydrogen gas. 

20. A method of producing an alkaline storage battery negative electrode, comprising the steps of: 
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mixinq hydrogen absorbing alloy particles and an aqueous solution of hydrophilic resin to prepare paste; 
aDDlyino said paste to a supporting material through selected one of filling, Injecting and smearing; pressing 
said supporting material containing said paste; and applying a hydrophobic material to the surface of the 
thus prepared electrode through selected one of smearing, dipping and injecting. 

21 A method of producing an alkaline storage battery negative electrode according to Claim 20, further 
comprising the step of coating the surface of the hydrogen absorbing alloy negative electrode with a 
mixture of a hydrophobic material and a material capable of catalyzing the decomposition of hydrogen gas. 
through selected one of smearing, dipping and injecting. 

22 A method of producing an alkaline storage battery negative electrode according to Claim 20. further 
comprising the steps of coating the surface of the hydrogen absorbing alloy negative electrode with a 
material capable of catalyzing the decomposition of a hydrogen gas through selected one of smearing, 
dipping and injecting, and further coating the surface of the coating of the materia] capable of catalyzing the 
decomposition of a hydrogen gas with a hydrophobic material through selected one of smearing, dipping 

and 23 6 A method of producing an alkaline storage battery negative electrode according to Claim 20. further 
comprising the step of applying a mixture of a hydrophobic material and an electric conductive material to 
the surface of the hydrogen absorbing alloy negative electrode through selected one of smearing, dipping 

and ^ e ^J^ ethod of producing an alkaline storage battery negative electrode according to Claim 20, further 
comprising the step of applying a mixture of a hydrophobic material and particles of another hydrogen 
absorbing alloy having a hydrogen equilibrium pressure lower than that of said hydrogen absorbing alloy, to 
the surface of the hydrogen absorbing alloy negative electrode surface, through selected one of smearing, 

dipping and Injecting. ■ . •-. . . nr% . 

• 25 A method of producing an alkaline storage battery negative electrode according to Claim -20; further 
comprising the step of applying a mixture of a hydrophobic material and a binding agent to the surface of 
the hydrogen absorbing alloy negative electrode through selected one of smearing, dipping injecting 

26 A method of producing an alkaline storage battery negative electrode according to Claim 20. further 
comprising the steps ^applying a mixture # a hydrophobic material and a thermoplastic resin to the 
surface of the hydrogen absorbing alloy negative electrode through selected one of smearing, dipping and 
injecting; and heating the surface coated with said mixture at a temperature at which said thermoplastic 
resin is melted but said hydrophobic material is not melted. 
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